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COMPLETE SPECIFICATION 
Heat Exchanger 



We, E. I. Du Pont de Nemoues and 
Company^ a corporation organised and exist- 
ing under the laws of the State of Delaware, 
United States of America, of Wiknington, 
State of Delaware, United States of America, 
do hereby declare the invention, for which 
we pray that a patent may be granted to us, 
and the method by which it is to be per- 
formed, to be particularly described in and 
by the following statement : — 

This invention relates to a method and 
apparatus for transferring heat between fluid 
masses having an over-all temperature differ- 
ence across the walls of very fine sized OTganic 
polymeric hollow filaments. 

Li the vast majority of heat transfer ap^ 
paratus known in industrial practice, heat is 
transferred from one fluid through a solid wall 
to another fluid. The solid wall heretofore 
has commonly been in the form of tubing 
composed of a metallic substance such as a 
ferrous base metal, aluminum, or cupronickel. 
Although such metals generally exhibit good 
heat conductivity, they have been found to 
suffer from a number of shortcomings which 
make them less than ideal in use. TTie most 
serious shortcoming of metal Tubing for heat 
exchanger service is their susceptibility to 
corrosion, particularly in the case of carbon 
steel tubing which, from cost considerations, 
is presently the most common metal used. 
The corrosive problem to metal tubing in 
heat exchanger service has been greatly in- 
tensified in recenr years due to the restricted! 
availability of good water which has forced 
the use of corrosive waters, such as brackish 
water and sea water for many heat exchange 
applications for which many inexpensive metals 
cannot be used with satisfactory results. Of 
course, in addition to this condition, there are 
many other special heat exchange cases in- 
volving inherently corrosive environment de- 



manding the use of expensive metals, glass 
or ceramics, and the list of such special heat 
exchange cases is rapidly enlarging with the 45 
advancement of industrial technology. Further- 
more, metal tube exchangers are relatively 
difficult to fabricate so that flexibiKty in de- 
sign is restrictive and investment cost is quite 
high due to the time required in fabrication, 50 
Moreover, exchangers employing metal tubing 
for most industrial heat exchange requirement 
are heavy pieces of equipment of relatively 
large size and which are cumbersome to install. 

According to the present invention there is 55 
provided a heat exchanger in which the heat- 
exchange elements are hollow filaments of a 
polyfluorinated polymer, having, an external 
diameter of up to 50 0 mils and a wall thick- 
ness of from 0.5 to 30 mils. 60 

The invention also provides a process of 
effecting heat exchange between two fluids 
using such a heat exchanger. 

In executing the novel method of the in- 
vention, it is preferred to utilize a very large 65 
number of apen^-end hoHow filaments prefer- 
ably having a length in the range of from 0.5 
to 20 feet; the filaments being ananged be- 
tween two separate chambers and lying side- 
by-side substantially parallel yet spaced in a; 70 
compact array from each other over their 
length, one end of each filament being sealed 
into one chamber and the other end into the 
other chamber so that each end opens into 
one chamber. Separate masses of fluids are 75 
then passed through the hollow filaments and 
outside of the hollow filaments i(> effect an 
exchange of heat between the fluid masses. 
The term "fluid" as used herein is intended 
to include both liquids and gases and it is to 
be understood that the method of the inven- 
tion contemplates that the fluid masses be- 
tween which heat is transferred nmy be the 
same or different including the case where 
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one fluid mass is preseait as a liquid while 
the other fluid mass is present as a gas such 
as represented by conventional air-cooled ex- 
changers. In heat exchange cases where liquids 

5 are to be passed through the interior of the 
perfluorinated polymer tubings ir will be ol> 
vious, in view of the small cross section of 
the tubes, that the mediod of die invention 
is more satisfactorily practiced on low viscosity 

10 liquids. 

It is highly surprising that tubing composed 
of organic polymers of the invention can be 
used efficiently in heat exchangers in view 
of their known lower thermal conductivity, 

15 which ranges in the order of from several 
hundred to several thousand times less than 
metals commonly used in heat exchanger con- 
struction, depending upon the particular plastic 
•under consideration.. Unexpeaedly, however, 

20 in the case of polymeric organic hollow fila- 
ment heat exchange devices of this invention, 
it has been found that the critical design 
consideration is seldom heat transfer coeffi- 
cient, but much more often ^t is the fluid 

25 flow considerations. By employing a very large 
number of ve^^ small diameter hollow poly- 
fluorinated plastic filaments having thin walls 
in a compaa arrangement, a heat exchange 
structune may be realized having a large 

30 aggregate area of exchange surface, permitting 
high quality, relatively expensive plastic to 
replace the least expensive carbon steel heat 
exchangers in service today for many heat 
transfer applications. 

35 The hollow filaments for* the method of the 
invention may be made from any polyfluoiin- 
ated polymer which can be produced in hollow 
form, such as by the process disclosed in 
U.S. Patent 2,999,296 and French Patent 

40 990,726. The walls of these hollow filaments 
are nonporous and because of their very minute 
diameter and cylindrical configuration these 
filaments allow for highly usable strength for 
design in spite of the faa that the allowable 

45 design stresses in plastics are an order of 
magnitude less than for metals on a volume 
basis. The choice of the particular poiy- 
fluorinated polymer will, of course, be based 
on the chemical nature of the fluid masses 

50 used, the stability and physical properties of 
the polymer at the operating temperatures de- 
sired, relative cost of the polymer, . and on 
other considerations which will be obvious to 
those skilled in the art. Illustrative examples 

55 of polyfluorinated polymers suitable as hollow 
filaments for the invention are polytetrafluoxo- 
ethylene, polytrifluorochloroethylene, polyvinyl 
fluoride, copolymers of tetrafluoroethylene and 
hexafluoropropylene, copolymers of vinylidenc 

60 fluoride and hexafluoropropylene. Preferred 
polymers from which hollow filaments for the 
method of the invention are prepared are the 
perfluorocarbon polymers, particularly co- 
polymers of tetrafluoroethylene and hexafluoro- 
65 propylene since these materials exhibit excel- 



lent stability and physical strengtii at elevated 
temperature coupled with a high degree or 
inertness to chemical attack. The copolymers 
of tetrafluoroetiiylene and hexafluoropropylene 
are surprisingly resistant to scaling: This 70 
property, erf course, is extremely impoitant in 
view of the small diameters of tire ho2cw fila- 
ments used in the present invention and;, 
furthermore, in view of the adverse effect of 
scaling on the heat transfer piToperties of the 75 
polymeric filaments. 

The size of the hoUow filaments of the 
invention may range up to 500 mSs but 
usually from 5 to 275 mils extemai diameter 
with a wall thickness of from 0.5 to 30 mils 80 
with a size in a range from 20 to 165 mils 
external diameter with a wall thickness of 
from 1 to 20 mils being preferred for most 
heat exchange applications. This is far re- 
moved from ±c sizes of metal tubing, com- 85 
monly used in heat exchangers which range 
from thickness of from 35 to 165 mils. StiB 
other tubing now used in commercial ex- 
changers range up to 4 to 6 inches external 
diameter. 

It is to be understood that the particular 
design of hear exchanger device^ utilizing 
organic polymeric hollow filaments in accord- 
ance with the present invention may vary 
widely and depends primarily on the specific 95 
end use involved. However, for & better under- 
standing of the invention the following descrip- 
tion of a specific illustrative arrangement for 
mounting the hollow filaments in a compact 
array in a tube-in-shell type hear exchanger 100 
design is provided in conjunction with the 
accompanjdng drawings in which: 

Figure 1 is an devation view in section of 
such apparatus utilizing polymeric organic 
hollow filaments; . , 

Figure 2 is a transverse cross-sectional view 
at plane 2 — 2 of Figure 1; and 

Figure 3 is an enlarged showing of a frag- 
ment of a baffle plate of the apparatus. 

In the apparatus, as more particularly ilhrs- HO 
trated in the accompanying drawings, 11 
designates a cyh'ndrical-shaped shell disposed 
in a horizontal plane having an inlet 18 and 
an outlet 19. Shell U may be made fnom a 
wide variety of materials of construction, such 115 
as iron, alloy steel, aluminium, or synthetic 
or natural plastics, depending upon the typa 
of fluids handled on the shell side of the 
exchanger and operating conditions employed. 
Detachable cap 12, having an inlet 20, and 120 
detachable cap 13, having an outlet 21, are 
attached rigidly to the left and right ends, 
respectively, of shcH 11 by means of a plural- 
ity of tiueaded fasteners arrayed around a pair 
of flanges. Assembled within shell 11 ait a 125 
pluralitj' of hollow filaments 14 compactly- 
arrayed with carefully controlled spacing in 
header plates 15 in a fluid-tight manner. 
Header plates 15, in turn, are dampejd be- 
tween detachable caps 12 and 13 and shell 130 
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11 in a manner to provide a fluid-tight seal 
at the flange interfaces. In this arrangement, 
thereforej hollow filaments 14 are open at 
both ends with each set of ends in open 

5 communication with separate chambers and 
these open ends arc sealed into the separate 
chambers and scaled from the space in shell 
11 surrounding the outside of lie filaments. 
In fabricating header plates 15, hollow fila- 

10 mcnts 14 ait first arranged in end alignment 
plates (not shown) forming the structttral part 
of header plates 15 having a midtiplicity of 
bore openings of a size iproviding a loose 
sliding fit over filaments 14 and providing the 

15 dose spacing relationship desired for individual 
filaments within shell 11. Filaments 14 are 
positioned in the end alignment plates so that 
the open ends thereof extend out beyond the 
extremity of eadi end plate. A tough potting 

20 resin, such as an epoxy resin, is then used to 
provide a leak-proof joint around and between 
the filaments 14. Hollow filaments 14 are 
then cut off flush with the header plates 15. 
At intervals along hollow filaments 14, 

25 baffle plates 16, shown in detail in Figure 2, 
are positioned within shell 11 having open 
spaces from left to right in Figure 1 altern- 
ately at the top and bottom of shell 11 so 
that the shell side fluid substantially fotUows 

30 tjie serpentine path indicated by the broken 
arrows shown in Figure 1. As shown in Figures 
2 and 3, hollow filaments 14 gain support 
within shell 11 by passmg throu^ baffles 16, 
these baffles having bore openings 17 loosely 

35 fitting filaments 14, the openings confonnmg 
to the pattern of openings for filaments 14 in 
header plates 15. Since filaments 14 sub- 
stantially fiil the openings 17, only a negligible 
amount of Ijeakage of fluid occurs through 

40 openings. Baffle plates 16 may be of 

metal, ceramic, or of synthetic or natural 
plastics depending on the fluid on the shell 
side to be handled and the operating con- 
ditions involved. 

45 In operation of the above-described ap- 
paratus, a fluid mass to be heated or cooled 
is introduced into inlet 20 to the interior of 
cap 12 and flows through hollow filaments 
14 into the interior of cap 13 and thence out 

50 of cap 13 by means of outiet 21 while, at 
the same time, a fluid mass at an over-all 
temperature different from the fluid mass flow- 
ing through the interior of hollow filaments 
14 enters shell 11 by means of inlet 18 and 

55 flows substantially in the path indicated by 
the broken arrows within shell 11 on the out- 
side of hollow filaments 14 to emerge from 
outlet 19 near the opposite end of shell 11. 
The invention is further illustrated by the 

60 following working examples. 

Example 1 
A heat exchanger similar to the foregoing 
described apparatus employing hollow fila- 
ments of a copolymer of tetrafluoroethylene 



and hexafluoTOpropylene 6 feet long having a 65 
size of 80 mils external diameter with a 6 
mils wall thickness offering 400 square feet 
of exchange surface was used to cool spent 
70% sulphuric add from 300*^F to 100°F 
with water introduced into the shell side of 70 
the exchanger at a temperature of approxi- 
mately 80°F. Over-all heat transfer rate was 
in the range of 70 to 100 BTQ/hr./sq. ft./*^F 
comparable to that obtained with a cross flow 
carbon-tube cooler but with advantages in 75 
cost, size, and weight an order of magnitude 
over the carbon-tube cooler. 

Example 2 
A reboiler for the concentration of 50%' 
nitric acid containing iieavy metals to 70% 80 
under reduced pressure was constructed fromi 
hollow filaments of a copolymer of tetrafluoro- 
ethylene and hexafluoropropyleae. The hollow 
filaments were 20 mils O.D. with 2 mils 
walls. The heads and boiler body were con- 85 
structed of titanitmi and the tubes cemented 
in the heads with a high melting wax of tetra- 
fluoroethylene. Fifteen poimd steam in the 
tubes was the source of heat and the evapora- . 
tion was carried out at 50 MM Hg absolute. ^ 
The exchanger had 30 square feet of ex- 
changer surSice. The over-all coefficient of 
heat transfer was 420 BTU/hr./sq. ft./°F. 
The only satisfaaoiy material for this in metat 
is titanium and this exchanger with polyfluoro- 95 
carbon tubes was cheaper and more resistant 
to corrosion. 

Example 3 

Twenty-five tubes of a copolymer of tetra- 
fluoroethylene and hexafluoropropylene, each 100 
10 inches long, having an outside diameter of 
0.1 inch and a wall thickness o: 0.01 inch, 
are mounted in a sqxiare array, five vertical 
rows and five horizontal rows, the spacing 
between tubes being 1 inch. The array is 105 
moimted in a boiler. 

A saturated solution of calcium sulphate 
at a temperature of about 80°C is added to 
the boiler until all the tubes are immersed. 
Steam at 15 psig is passed througji the tubes 110 
and the temperature of the caldunn sulphate 
solution rises to 100*^ C, a temperature suffi- 
cient to cause boiling. The boito is operated 
in this manner for 7 hours; the steam is then 
shut; and the solution is drained from the 115 
boiler. 

Scaling on the surfacses of the tubes isi 
noted Based on a wall resistance of 0.00845 
hr./°C,/sq. ft./PCXJ. ("PCU" stands for 
pound calorie units, and Ihr/^C/sqit/PCU 120 
1 

is equivalent to hr/°F/5q.ft./BTU) the 

1.8 

original heat transfer coefficient of the poly- 
meric tubes is 118 PCLr/hr./**C./sq.ft. How- 
ever, 4ue to the scaling, tlris coefficient de- 
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5 A heat exchanger according to any erf 
daiins 1 to 4, in which the polyfluormated 
polymer is polytetrafluoroethylene. 

6 A heat exchanger according to any ot 
daiins 1 to 5, in wHcb the polyfluomated 
polymer is a copolymer of tctrafluoroetbyiene 



creases to 111 PCU/hr./°C/sq.ft., t decrease 

^^U^xampie 3 is repeated using polyethylene 
tubes having the same outside diameter and 
waH thicfoaess, the thickness of the scak fwrned 

formed m &e ^''^P^^^,! nrPCU/hr./ described with reference to FipJies 1 to 3 

transfer cwfBoeat of about ^^^j^L'^f. "f^ accompanying drawings. 
oC/sq.ft. is reduced » 75.5 POT/hry W ™\ r™r^^|er subst^tiaUy as herein 

15 ing examples drnt die nov^^^^ 'S^^^^ ^l^"^ 

inventiooi is capable of *^^ermg cj^t^omi^ p^y i jqq a wall thickness 

and outstanding performance for i^^^^ STs toTo mfls; while simultaneously 

myriad of heat transfer apphcaaons die eSr surfaces of the hoUow 

in industry today m tube-m-sheU type ex tactmg mc caucii ^ ^ 
diangers as well as in air-cooled exchangers, 
cooHng towers, and the like; bekig pamcularly 
outstanding where corrosive water or very 
corrosive materials must be handled. More- 
over cenain industrial heat exchange appUca- 
tions cousidcred now economicaUy impracticai 
in materials of construction currently employed 
in exchangers may become commeraally 
feasible in exchangers utilizing perfluonnated 
polymer hollow filaments. In addinon to such 
industrial applications, heat excbaiigcrs in 
numerous different designs employing very 
fine sized polymeric organic hoUcw filaments 



U.J tU £>W icci. . 

fine sized poiymenc orgamc nunuw x*^^*-- ^ process according to any ot claims 

may be made appHcable to many consumer 9 ^2 in whidi tiie polyfluorinated polymeif 
items especially where air cooling or heating ^ polytetrafiuorocdiylenc. 
are involved, such as in homejieauns umts ^ ^^^^^ ^ ^ 9 

to 12, in whidi the polyfluorinated polymer 
is a copolymer of tetrafluoroetfaylene and hexa- 
fluoropropyiene. 

15 A process for transferrmg heat betwe^ 

diameter of up to 500 mils and a wall thick- panying drawings. 



and air "conditioning equipment, and auto 
mobile radiators and heaters. 

WHAT WE CLAIM IS: — 
1 A heat exchanger in which the H^t- 
exchange elements are hoUow filaments of a 
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tactmg me extcntri: auiio*^ v-«. _ 

filaments with a second fluid which is at ai 
different temperature to the first flmd. 

10 A process according to daim 9, in which 75 
die filaments have an external diameter of 5 

to 275 mils. t • o ;r,. 

11 A process accordmg to claim in 
which the filaments have, an external diameter 
of from 20 to 165 mils and a wall diickncss 
of from 1 to 20 mils. . 

12 A process according to any of dain^ 
9 to 11, in which die filaments have a lengtfai 
of 0.5 to 20 feet 



ncss of from 0.5 to 30 mils, 

2 A heat exchanger accordmg to claim 1, 
in which the hoUow filaments have an ex- 
ternal diameter of from 5 to 275 mils. 

3 A heat exchanger according to claim i, 
in which the hoUow filaments have an externa 
diameter of from 20 to 165 mils and a waU 
thickness of from 1 to 20 mils. 

4 A heat exchanger accordmg to^ any or 
claims 1 to 3, in whidi tiie hoUow filaments 
have a lengtii of from 0.5 to 20 feet 
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16 A process for transferring heat between 
two fluids substantially as herem descnbed m 
any of Examples 1 to 3. 

A. A. THORNTON & CO., 
Chartered Patent Agents, 
NOTthumberland House, 
303—306 High Holbom, 
London, W.Cl. 
For the Applicants. 
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